Background: Instructional change efforts involving teams of change agents are becoming increasingly prevalent at higher education institutions across the US. Teams may be able to make more lasting and high-quality changes to STEM courses than instructors working alone. But team-based change efforts are also risky. They tend to require more resources than individually focused efforts, and there are many ways in which teams can fail to achieve their goals. So far, research on how change leaders can best support instructional change teams has been extremely limited. We lack a context-specific model that can help us to understand how, when, and why instructional change teams are likely to generate positive outcomes. This study begins to address this limitation by exploring the decisions that project leaders make when establishing supports for instructional change teams. Results: We use a grounded theory approach to analyze interviews with 28 leaders of team-based instructional change projects and connect our findings to existing literature about teams in other contexts. We identify five categories of key team inputs: the nature of the task, who participates, process constraints, external engagement, and access to resources. We situate these team inputs in a preliminary model of instructional change teams. In our model, we posit that these team inputs are consequential for how teams work together and for how teams think and feel about their work. This in turn leads to various kinds of team outcomes. Conclusions: Our current model lays out key decisions that project leaders make when setting up instructional change teams. It also highlights the mechanisms by which instructional change team inputs can lead to various outcomes. We argue that this can guide change leaders to have productive conversations when initiating new teams or troubleshooting collaboration challenges of existing teams. Our research also provides a foundation for deeper exploration into how teams work together and the consequences for team outcomes. In particular, future research focused on the perspectives of team members could test and build on this initial model.
Introduction
A growing number of higher education leaders and funding agencies have started to focus on supporting teams of change agents as a way to improve undergraduate STEM education (Weaver et al. 2016 ). This differs from past approaches that focus on individual instructors as the Olmstead et al. International Journal of STEM Education (2019) 6:20 Page 2 of 15 multiple, interdependent courses that are taught by many instructors (e.g., Manogue et al. 2001; Marbach-Ad 2007; Matz and Jardeleza 2016; Reinholz and Apkarian 2018) . Similarly, a departmental team can work continuously on a single course that is taught by different instructors in different semesters, thus sustaining and refining improvements to the course over time (e.g., Chasteen et al. (2015) ). In contrast to purely top-down approaches, team-based approaches can also allow instructors to develop a sense of ownership over the changes and thus feel more committed to sustaining them (Weaver et al. 2016; Dee and Leiṡytė 2016; Elrod and Kezar 2017; Reinholz and Apkarian 2018) . Teams might also be better able to improve undergraduate STEM instruction than individuals because of the potential benefits of collaborative problem-solving. Literature in other contexts shows that teams can be "smarter" than individuals, particularly when solving complex tasks (Karlgaard and Malone 2015; Jehn et al. 1999; Woolley et al. 2010) . We anticipate that similar cognitive advantages can emerge when teams organize around improving STEM instruction.
Despite potential benefits, team-based approaches to instructional change are also risky. Team-based instructional change efforts can use significant individual, departmental, institutional, and/or external resources (e.g., time, energy, and money) (Weaver et al. 2016 ). Yet, we know that teams in general are often less successful than one might hope (Mannix and Neale 2005; Karlgaard and Malone 2015) . For example, teams may struggle to make timely progress because of communication challenges (Stasser et al. 2000; Karlgaard and Malone 2015) , fall apart because of interpersonal conflict (Lau and Murnighan 1998; Jehn et al. 1999; Mannix and Neale 2005) , and/or fail to support the participation of all team members (Keltner et al. 2003) .
We argue that there is a need for new research on how higher education teams work together and why this happens, including how these teams avoid or overcome collaboration challenges. Developing shared vision, which encompasses most team-based change, was the least studied approach out of the four major approaches to improving undergraduate STEM instruction identified by Henderson et al. (2011) . Scholarly work has expanded somewhat since then, but remains quite limited (Gast et al. 2017) . In particular, recent publications centered on teams tend to be localized accounts of instructional change that were not designed to investigate how such teams can be successful at other institutions (Gast et al. 2017) .
While the literature about teams in other contexts (tech companies, hospitals, the military, etc.) can provide valuable insights, that literature alone is not sufficient to compensate for a lack of context-specific research in higher education settings. The teams literature is quite expansive and is primarily aimed at those who study and practice business management (Guzzo and Dickson 1996; Ilgen et al. 2005; Karlgaard and Malone 2015; Mannix and Neale 2005) . It is not clear a priori which findings about teams are most applicable here and how they would translate across contexts. Distinctive aspects of STEM higher education could play a strong role in shaping how teams are set up, how they work together, and what kinds of outcomes are seen as important.
Some recent research on instructional change (e.g., Kezar 2001; Kezar 2014; Dee and Leiṡytė 2016; Corbo et al. 2016; Reinholz and Apkarian 2018) provides proof-of-concept that theories from business management can be useful in higher education contexts, but need to be adapted first. For example, Reinholz and Apkarian (2018) show that the four "frames" from an organizational learning theory-structures, symbols, people, and power-can shed light on departmental change processes. In doing so, they also show that interpretive work is necessary to understand how particular aspects of academic departments (course releases, collection of institutional data, instructor autonomy, formal departmental leadership, etc.) fit within each frame. Such research focuses on understanding organizational change in higher education at a systemic level, rather than focusing on the team level. But it demonstrates both that some principles hold across many organizational contexts and that some aspects of higher education are unique.
Our article represents an early stage in an exploratory study focused on instructional change teams. We define instructional change teams as those that are working to create or redesign a course or set of courses. Here, we begin to articulate and unpack the range of concrete decisions that leaders make when setting up or supporting such teams. Our analysis is based on interviews with leaders of team-based instructional change projects at higher education institutions across the US. The research presented here is primarily descriptive and intended to lay groundwork for future studies. We address the research question: What are key factors that influence how instructional change teams work together to improve undergraduate STEM courses within a department or institution?
Methods

Grounded theory
Because there has been little research conducted on how instructional change teams work together and why they work in these ways, we use research methods that support us in discovering new ideas without being overly constrained by the past work. Specifically, we draw on grounded theory: a research methodology characterized by openness to new ideas, a focus on explanatory power, and iterative data collection and analysis (Glaser and (2019) 6:20 Page 3 of 15 Strauss 2017; Gibson and Hartman 2013) . Consistent with grounded theory, we strongly prioritize our own empirical data in our initial theory-building. Scholars who use grounded theory also advocate for layering new information onto initial theories in ways that make them increasingly general (Gibson and Hartman 2013) . We think that connecting to existing literature from other contexts is an important step in laying the groundwork for later generalization. But as Gibson and Hartman (2013) highlight in their synthesis of the many interpretations of grounded theory, scholars who describe this methodology often do not provide clear guidance on how and when to draw on prior literature. Those who do discuss the use of literature argue that detailed knowledge of past research should be avoided until late stages of analysis so that theory can emerge more organically from the data.
With these considerations in mind, we focused on reading literature that provides a broad overview of current and foundational research about teams beyond our specific context (e.g., Karzenbach and Smith 1993; Mannix and Neale 2005; Ilgen et al. 2005; Karlgaard and Malone 2015; Harrison and Klein 2007; Guzzo and Dickson 1996; Morgeson et al. 2009; Pentland 2014) . We use our awareness of this literature to guide us towards a higher education-specific theory that can be connected to more general theories about how teams work. We also draw on existing literature to fill in gaps in what we have learned from the data we have collected so far.
Data collection
Our goal for data collection was to learn about the characteristics of a variety of team-based instructional change projects in undergraduate STEM. We examined award databases and solicited information from the higher education community to identify a broad list of projects that might involve such teams, as well as contact information for a lead person on each project. When searching award databases (via NSF, HHMI, and AAU websites), we started by finding abstracts that contained one or more of the keywords "team, " "community, " "collaborat-, " "committee, " and "task force. " We read these abstracts to select projects that seemed to be focused on improving undergraduate STEM instruction at a US institution and use an approach that centrally involves one or more teams (beyond the project leadership). When soliciting information from the community, we asked community members to identify projects that fit these same criteria. We explicitly defined "team" as "a group of people who are working to create a shared outcome, " roughly based on Katzenbach and Smith's (1993) definition of a team. As above, this shared outcome was framed as being related to improving undergraduate STEM instruction within their institution. (Our research team informally considers shared outcomes to be things that are collectively developed by teams, such as shared curricular materials or pedagogical approaches. However, several project leaders interpreted "shared outcomes" to be broader in scope when asked to define it for their teams during interviews).
During the project identification phase, we asked potential participants to identify themselves or someone else as able to describe their work to us. We refer to these people as "project leaders" throughout this article. Because the size and scope of these team-based projects varied dramatically, project leaders' roles also varied. For example, some project leaders were members and leaders of their teams, while others were overseeing many teams.
We contacted a subset of the project leaders we identified to represent a variety of identification methods, institution types, single and multi-institution projects, project maturity, and funding sources (Table 1) . We requested their participation in a 30-minute virtual, semistructured interview with the first author. Consistent with our above use of the term "project leader, " we also noted that it would be possible to suggest a different project lead (or opt out). Twenty-eight project leaders were then interviewed, along with a small number of project co-leaders. The interviewer guided them to focus on four general topics: the nature of the team task, team structure and composition, resources and supports for teams, and how team members worked together. We ended our data collection when we felt saturation was reached. While our search was framed to be broad, a majority of the teams in our dataset were focused on improving or creating courses. Because we could start to see both strong similarities and interesting differences among the teams that were focused on designing or redesigning courses, we chose to only analyze how teams enact this work. We did not include any teams that were not focused on course design or redesign in our sample. At a large scale, we noticed that project leaders described three general types of course change teams: interdisciplinary teams, teams initiated within single departments, and teams that were part of crosscampus, multi-team initiatives. There was also variety and similarity across these teams at a smaller scale, which was sufficient for us to conduct the analysis presented below. Olmstead et al. International Journal of STEM Education (2019) 6:20 Page 4 of 15 Number of representatives of potentially team-based instructional change projects who were identified, contacted, and interviewed, broken down to show project characteristics. We aimed to maximize the variety in each of these characteristics within our dataset. The information presented here reflects what was known during the selection process
Analytical approach
We pursued two overlapping analytical goals as part of the grounded theory methodology (Gibson and Hartman 2013) . These goals, and the ways we pursued them, are consistent with the open coding and selective coding phases in grounded theory (Gibson and Hartman 2013) . Our first goal was to identify categories of factors that project leaders might be able to leverage when setting up or supporting instructional change teams. The second was to refine these categories such that they can be meaningfully connected to a central category or problem.
Throughout our analysis, we wrote and iteratively refined memos about our interviews with project leaders. We started by examining transcripts about three projects that fit cleanly within the three main types of teams defined above. We initially coded for information related to the broad topics that we had used to design our interview protocol. We again focused on aspects of the team setup that project leaders can control. As categories began to emerge, we incorporated data from additional interviews and refined our categories accordingly.
During this process, we noticed that project leaders often proposed links between how teams are set up (our initial focus) and how teams work together and/or how teams think and feel about their work. We found ourselves frequently sorting aspects of the team setup into categories because they had similar links to these other two constructs. Following the logic and language of grounded theory, we began to treat these two constructs together as our core category, i.e., the category that embodies the central problem in the area being studied (Gibson and Hartman 2013) . While refining our categories, we prioritized aspects of the team setup that could easily be related to this core category. (This aligns with our second goal and the method of selective coding.)
Because we also aim to end with a model of instructional change teams that shares basic features with a general model of teams, we also explicitly revisited the literature during the late stages of our analysis. The existing literature on teams resonated well with our emerging model and provides us with formal language to describe what we were finding.
First, the most basic model of teams links inputs to processes to outcomes chronologically. These "I-P-O" models are frequently used or adapted in the literature. Team inputs align with what we have thus far been calling "team setup" and generally include resources and other factors like team composition that are in place at the start of a team's work (Kozlowski and Ilgen 2006; Wageman et al. 2005; Guzzo and Dickson 1996) . Researchers situate team processes as the central problem to consider when studying teams by both positioning it at the center of this model and explicitly discussing its importance (Ilgen et al. 2005; Guzzo and Dickson 1996; Morgeson et al. 2009; Marks et al. 2001; Mannix and Neale 2005) . The construct of team processes aligns well with what we have been calling "how teams work together. "
Second, researchers like Ilgen et al. (2005) and Marks et al. (2001) argue that not all links between inputs and outputs are active processes. As a solution to this shortcoming, Marks et al. (2001) propose a broader construct of mediators, which are then separated into team processes and emergent states. Marks et al. (2001) define team processes as "members' interdependent acts that convert inputs to outcomes through cognitive, verbal, and behavioral activities directed toward organizing taskwork to achieve collective goals, " and emergent states as "the cognitive, motivational, and affective states of teams" ( (Marks et al. 2001 ), p.357). They argue that team processes and emergent states cyclically influence each other while a team works together. Marks et al. (2001) 's construct of mediators, broken up into team processes and emergent states, aligns well with what we identify as our core category. As noted above, we informally think of team processes as describing how teams coordinate their work together. Emergent states then describe the second key aspect of a team's work that we identified in our data, namely, what teams think and feel about their work. We adopted these constructs in our emerging model. With all of these pieces in place, we continued to incorporate data from additional interviews and refine our categories of team inputs until we reached saturation. Table 2 and Fig. 1 summarize our model of instructional change teams. The model includes five categories of team inputs as follows: the nature of the task, who participates, process constraints, external engagement, and access to resources. For clarity, each of these input categories is divided into two sub-categories. The team inputs are then linked to two mediator categories: team processes (how teams work together) and emergent states (how team members think and feel about their work). As discussed above, we show team processes and emergent states cyclically influencing each other based on what we know from prior research on teams.
Results
For completeness, we also include four categories of team outcomes in our model: sustainability of the instructional changes, quality of the instructional changes, collaboration changes, and individual changes. We have not attempted to explore team outcomes empirically, but recognize that they are important. We include sustainability of the instructional changes as a category because it aligns with the outcomes often prioritized in the literature on organizational change (e.g., March (1991) ; Kezar (2014) ; Dee and Leiṡytė (2016) ) and the goals of many instructional change projects (e.g., Chasteen et al. (2015) ; Matz and Jardeleza (2016) ; Corbo et al. (2016) ; Weaver et al. (2016) ; Elrod and Kezar (2017) ; Reinholz and Apkarian (2018) ). The remaining three outcome categories are based on the literature about teams. The quality of the team product relative to the team's goals, changes in the capacity of team members to work together in the future, and changes in individual team members' knowledge, skills, or well-being are used to describe team outcomes in the literature (Wageman et al. 2005; Hackman 2011 ). 
Mediators
Team processes
How team members coordinate their work together.
Emergent states
What team members think and feel related to their work together.
Outcomes
Sustainability of changes
The sustainability of the instructional changes.
Quality of changes
The quality of instructional changes relative to the team's goals.
Collaboration changes
Changes in the capacity of team members to work together in the future.
Individual changes
Changes in individual team members' knowledge, skills, affect, or well-being.
Definitions for the categories (italic text) in our model. The first five categories are broken down into two sub-categories (regular text) each. These are the team inputs identified through our analysis. The two categories in the mediator group are adopted from (Marks et al. 2001) and align with our empirical findings. Three of the four categories in the outcome group (quality, ability to work together, individual outcomes) are based on Wageman & Hackman (Wageman et al. 2005 )'s dimensions of team outcomes. We also include sustainability as an outcome based on our empirical observations and the literature on organization change within and outside of higher education. We have not attempted to empirically explore mediators and outcomes in depth, but include them as important aspects of the model and placeholders for future research. See also Fig. 1 and the "Results" section of the main text In the remainder of this section, we define and describe each category of team input based on what we learned from project leaders. Where possible, we justify the categories by highlighting project leaders' hypotheses about how they are linked to team processes and/or emergent states. This analysis is intended to be descriptive, rather than evaluative. We consider some possible implications of differences across teams by drawing connections to existing literature in the "Discussion" section.
Nature of the task Team origin story
This category describes how teams form. This includes aspects such as what catalyzed the team's formation, how quickly team members organized themselves around their task, and how quickly teams began to enact the instructional changes they were developing. The three examples below illustrate the range of formation stories in our dataset. Most teams share characteristics with one or more of these examples.
First, some teams form when an administrator asks the team to work on a certain task, within a certain time period, and invites people to join. This quote illustrates such a team: Such teams tend to form quickly because they are striving to meet an internal funding deadline. Within our dataset, these project leaders often require teams to develop a plan upfront for what the changes will be and/or how the work will be done. There also tends to be an expectation that the team will begin to enact instructional changes soon after they form.
Prescribed task
This category captures whether or how the team's task is prescribed. A fully prescribed task is one where someone outside of the team dictates what the team will produce together.
Unsurprisingly, teams with highly prescribed tasks also have high accountability to other people. A typical team in this situation would be asked to complete their task by an administrator, as described in the first origin story above. One project leader describes a team in this situation: Other project leaders describe a similar lack of autonomy and strong oversight from other entities, such as a sense that "people [in the institution] are looking at us. "
Other teams have tasks that are loosely prescribed. Here, the project leader provides strong guidance about what instructional changes to pursue, but they are also members of the team. Thus, there is little or no external accountability for the team to follow the prescribed task. These teams tend to have formed slowly, as in the second origin story above. Based on our dataset, these project leader often do work before the team forms to determine what changes could be beneficial to students. They often focus on motivating team members to teach specific knowledge and/or skills to students. They may also create or promote opportunities for individual team members to learn about pedagogy.
Finally, some project leaders support teams in pursuing highly emergent tasks. This is particularly evident on teams that are part of multi-team projects. Project leaders may highlight specific pedagogical strategies by leading and/or encouraging attendance at training events. They may require teams to go through a proposal stage initially and ask them to agree to incorporate formative feedback at that time. However, these teams ultimately have significant choice in what tasks they pursue together.
Who participates Team composition
This category captures the characteristics of team members. Each project leader describes one or more kinds of team member characteristics as important for how teams work together: (a) team members' expertise, (b) their interests and viewpoints, and (c) their influence over particular courses.
Project leaders tend to talk about team members' expertise when they feel that the team would not have the necessary expertise to do the work without particular kinds of people. For example, one project leader recalls that before they hired an education research specialist, their team was struggling to make progress towards their goals: This project leader's statement suggests that "hav[ing] the expertise we needed at the table" was important for shaping the team's process. Team members who have specific expertise are not always brought in to fill specific, formalized roles, as is the case here. But the concept of bringing in people with relevant expertise to make the task more possible comes up frequently.
Project leaders universally discuss how team members must have some interest in the work in order to engage in it. This usually refers to team members' desire to improve their own instruction and/or to collaborate with local colleagues. However, team members can also be interested in the work because they want to shape the team's task in ways that represent their views and the views of Olmstead et al. International Journal of STEM Education (2019) Lastly, team composition can be driven by faculty's influence over specific courses. Even in these cases, willingness to participate is seen as critical. However, team members likely feel more compelled to participate when the team's task is shaping a course that they have been assigned to teach than if the task was not aimed at specific courses. As a result, teams that target particular courses can represent a broader set of interests and motivations relative to teams that flexibly work on whatever courses are available to them.
Team boundaries
This category captures the extent to which team membership is well defined. Most teams have fixed team boundaries: at any given time, it is clear who is on the team and who is not. Project leaders tend to view this as normal and do not elaborate on the reasoning behind this team setup. But a significant number of teams have what we call "fuzzy" boundaries. In these cases, some people are clearly part of the team and others may or may not be, depending on how team membership is defined.
One project leader describes their fuzzy boundaries model of team membership as a "core with a few satellites. " Others describe how people within the institution are invited to "drop in" to observe the team's work or to participate only in certain aspects of the work. One project leader elaborates below:
We've had four instructors and a head TA really deeply involved in the change, and last semester, as we were planning this change, we probably had around ten people involved. But then the real nitty gritty, you know, 'What are we gonna do on day ten?' , that group got narrowed down.
This project leader also explains how they leverage a flexible participation model to invite new instructors into the team's work:
We already know that there's a new instructor coming on board next semester, cause I won't be teaching anymore. So we've already asked him to start coming to our meetings so he can really know what's going on and have a say, also, in what's gonna happen.
Consistent with this logic, several project leaders describe how encouraging stakeholders to be peripherally involved via fuzzy boundaries can allow a team to consider ideas that will help the work to be sustainable.
While most project leaders who describe fuzzy boundaries advocate for their utility, some project leaders describe fuzzy boundaries as a negative aspect of their teams. For example, one project leader notes that fuzzy boundaries were tied to team members gradually participating less and less in team activities. In other words, fuzzy team boundaries can be a pathway to attrition.
Process constraints Prescribed process
This category captures if and how project leaders specify process expectations to teams. We notice a fairly strong division in whether or not project leaders describe process expectations based on the overall team type. When project leaders are part of their teams (e.g., on single-team projects), they often describe taking a leadership role in the team's work, but it is unclear if/when their ideas about how the team should work together are made explicit to team members. In contrast, multiple project leaders in our dataset who are not part of their teams (e.g., on multiteam projects) recount a set of process expectations that are made explicit to team members upfront.
The following quote illustrates what a prescribed process can look like and the possible influence on team processes:
We gave them a template of 'What do you want? What is your goal for the meeting? What is it you want to have as an outcome of this? Who's going to take notes?' and 'blah blah blah, ' and do some reflection at the end. They were often around these student-centered learning activities that they co-developed during the summer institutes. [We tried to] have them use kinda common agendas when they came together. And that worked some, but not great, because faculty tend to like to do whatever they want to do. But as long as they were making progress towards goals and they could have a clearly articulated way of explaining the work they're doing ..., then we were pretty fine with kind of leaving them to do that.
Here, we see that these project leaders provide specific guiding questions that encourage teams to set short-and long-term goals and to focus on developing and revising curricular materials using learning progressions. This project leader notes that the teams do not necessarily follow this process guidance exactly as prescribed, but that providing the guidance does influence how the teams work together in some way.
We see a similar philosophy about prescribing a team process reflected in many of the other multi-team projects. This is particularly true for mature projects, which could indicate that multi-team projects that start out with an emergent approach to team processes tend to shift towards a more prescribed process over time. One project leader explicitly describes such a shift. In the (2019) The specifics of what processes are prescribed here are slightly different from what the first project leader illustrated. But in both cases, we see common elements such as encouraging teams to articulate shared goals and encouraging uniformity in team processes across a multi-team project.
Formalized roles
This category encompasses whether and how team members have formalized, prescribed roles from the start of their work together. We find that it is relatively uncommon for teams to have no formalized roles to start out. When this does happen, it is generally the case that most or all team members are faculty who are teaching courses that are the focus of the team's work. Sometimes distinct roles never develop on these teams, but our data suggest that team leaders often emerge later on in these cases.
Team members who would not otherwise be highly involved in the teaching of the focal courses, such as education specialists, administrators, and some students, tend to have different roles than other team members. Educational specialists sometimes have leadership roles (e.g., defining meeting agendas, collecting information from stakeholders, securing support for the team, etc.) or more peripheral, advisory roles. Administrators may have the role of approving substantial curricular changes while participating less in day-to-day work. Students may have roles such as collecting and synthesizing data about course outcomes or supporting a lead instructor in pursuing specific sub-tasks (e.g., creating specific materials). The project leader argues here that having someone whose role is to collect and synthesize student data outside of team meetings is important for helping other team members to engage in productive course change work. While the project leadership is responsible for carrying out all of this data collection and analysis on this team, we see students filling similar roles on other teams.
All of the above roles relate to who is responsible for carrying out specific sub-tasks that can help the team. The other prominent reason that team members have formalized roles is related to their control over the focal courses. The project leaders we interviewed often assume that instructors who are teaching the focal courses have more decision-making power than other team members. They almost always describe course instructors, particularly faculty, as having significant autonomy in their classrooms. They consistently state that faculty will take these heightened decision-making roles regardless of what else project leaders may want to do. Therefore, like other formalized roles, a special role for instructors may be commonly recognized among the team before they start their work together.
External engagement Opportunities to gather information
This category describes whether or how teams gain new information or expertise for their work.
Many project leaders describe how team members gather information that can improve the quality of team outcomes. For example, individual team members sometimes take up opportunities to attend teaching workshops and learn about pedagogy. One project includes team mentors who are specifically tasked with interacting with mentors of other teams to bring useful information back to their own team. Workshops and summer institutes can also provide opportunities for team members to learn about new pedagogical approaches and productive team processes as a team. Joint participation in workshops and institutes can increase the information that the team holds collectively, as well as the amount of information that is shared among team members. Some teams also have specific times when they gather information from stakeholders. Several project leaders describe full-day departmental retreats such as this one:
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We had a one day retreat, almost exactly a year ago, [with] Retreats like this tend to be more common for single teams than for teams within larger, multi-team projects.
Opportunities to share information
This category describes whether or how team members share information with others.
The activities that allow teams to share information often have multiple purposes and thus overlap with other categories, specifically opportunities to gather information and rewards. One project leader describes how the "show and tell" meetings that their team has can serve all three purposes (sharing information, gathering information, and feeling rewarded):
We have in the small meetings and short meetings every other week, ten minutes or sometimes more, show and tell, that every time another faculty member shares something great that they are doing in their classroom, [an] innovation or something. They learn from each other, but also get [a] place to brag about this, and so I think they benefit.
Here, the project leader emphasizes that the act of sharing can benefit team members, perhaps by helping them to feel good about their work or helping them to recognize their own progress. Poster sessions and other similar gatherings are described similarly by other project leaders.
Teams may also share information with stakeholders. This can keep stakeholders informed about what the team is doing. For example, teams may report out at department meetings, as described here:
It's really nice when [our team's] This team uses department meetings to bring other people along with the work the team is doing, to invite informal interactions, and to gain traction for recruiting people to participate in structured activities related to the team's work.
Access to resources Administrator support
This category describes whether and how administrators try to help teams. Within our dataset, almost all project leaders describe some form of administrator support. We consider administrator support to encompass both internal funding (present on some but not all projects) and other types of support.
For one, administrators (typically department chairs) may provide assurance that teams will have a say in which instructors will be assigned to the courses they are focused on improving. Within our dataset, it is also relatively common for administrators to provide access to financial resources. For example, administrators sometimes provide internal funding that helps project leaders to secure external funding, such as seed funding or matching grants. They sometimes provide monetary rewards to project leaders and/or team members. The project leaders we interviewed often described financial resources from administrators as sending a message that administrators value the team's work.
Some project leaders suggest that administrators can demonstrate support and help teams make progress by actively participating in teams. For example, one leader of a multi-team project observes the following: Other project leaders suggest that administrators can help teams by encouraging them from a distance. For example, one project leader argues that distant messages of support from administrators provides teams with a sense of safety and gives them freedom to pursue the task in the ways that they want: We note that while the teams on this project were interdisciplinary and not housed in a specific department, some department-level teams report similar levels of involvement from department chairs. Other project leaders who (2019) While this institutional reward structure seems exemplary for supporting instructional change, others also describe integrating rewards for team members with existing departmental or institutional expectations. For example, some leaders have participation count as service or write letters of support for junior faculty's promotion and tenure portfolios. Some project leaders exclusively capitalize on existing reward structures with the intent of promoting a shift in what is seen as expected in the long term.
Discussion
We identified five categories of team inputs that project leaders describe as consequential for how teams work together: the nature of the task, who participates, process constraints, external engagement, and access to resources. These categories represent key decisions that project leaders make when setting up or supporting instructional change teams. Articulating this set of inputs for instructional change teams represents a new contribution to the literature. At the same time, we see multiple similarities to existing literature on teams in other contexts and organizational change in higher education within these categories.
Looking across our data, we notice that all project leaders seem to view some supports as beneficial to teams. These views are corroborated by existing literature. For example, all project leaders seem to agree that pedagogical training as external engagement for team members (via workshops, summer institutes, guidance from education specialists, etc.) is beneficial. Even though such training is occasionally limited or absent, project leaders never indicate that it would be unhelpful. This aligns strongly with long-standing ideas from the literature on instructional change (e.g., Ball and Cohen 1999; Bouwma-Gearhart et al. 2014; Manduca et al. 2017) .
Similarly, project leaders seem to agree that engagement with new ideas (e.g., through interactions with other teams, or through the training mentioned above) and messages of support from organizational leaders can help teams. Both of these broader ideas align with literature about teams in other contexts (Edmondson 1999; Pentland 2014; Katzenbach and Smith 1993; Wageman et al. 2005; Ilgen et al. 2005; Hackman 2011 ). For example, Pentland (2014) argues that the most effective teams frequently explore their social networks to find new ideas, while Edmondson (1999) argues that support from organizational leaders can enable teams to experience "psychological safety" and thus engage in productive risk-taking.
We also notice considerable variations in how teams are set up. In particular, project leaders vary in whether or not they encourage administrators to directly participate on teams; recruit instructors to participate because they teach specific, pre-determined courses; create fixed boundaries for team membership; and try to prescribe the team's task. We propose several, complementary explanations for why this might be the case.
First, we suggest that although project leaders ultimately make different choices about how to support teams, they would agree about what at least some team processes and emergent states would look like in an ideal case. We see evidence of what some points of agreement might be in our data, which are again corroborated by existing literature on teams. The literature on teams suggests that healthy team processes include meeting often (Katzenbach and Smith 1993; Pentland 2014; Karlgaard and Malone 2015) , sharing ideas freely (Wittenbaum and Stasser 1996; Edmondson 1999; Bunderson and Sutcliffe 2002; Keltner et al. 2003) , enacting and reflecting on changes (Edmondson 1999; Marks et al. 2001) , and following through on commitments to each other (Pentland 2014; Katzenbach and Smith 1993) . Similarly, the literature on teams suggests that healthy emergent states include shared values around and commitment to the task (Jehn et al. 1999; Pentland 2014; Katzenbach and Smith 1993; O'Reilly III et al. 1989; Lau and Murnighan 1998; Harrison and Klein 2007) , a sense of joint ownership over the task (Pentland 2014; Katzenbach and Smith 1993) , and a sense that the team can achieve their goals (Wageman et al. 2005; Karlgaard and Malone 2015; Ilgen et al. 2005; Hackman 2011) . We see evidence that at least some project leaders consider these to be favorable processes and emergent states and do not see any evidence to suggest that other project leaders would consider these to be unfavorable.
While each of the above team processes and emergent states may indeed contribute to positive team outcomes, it can be difficult to set up instructional change teams that are well positioned to embody all of them at once. Thus, our first proposed explanation for the variations we see in our data is that conflicting project leader decisions represent different compromises project leaders make when deciding how to help teams think, feel, and interact in ways that lead to positive outcomes.
To explore this idea, we can use our data to speculate about what project leaders' priorities could be. One motivator for project leaders could be to help teams to both feel that they can achieve their goals and ultimately do so. Many teams aim to create lasting change within their departments or institutions. Many stakeholders within the institution (future instructors of the focal course, instructors who teach related courses, administrators, etc.) can shape the extent to which this goal will be achieved. Project leaders who prioritize team efficacy and the sustainability of the team's work may be more likely to recruit department chairs or other administrators to act as members of teams, ask team members to participate because they have control over specific courses at that time, and/or encourage stakeholders such as future course instructors to peripherally participate in the team.
While the decisions above may help teams to achieve lasting instructional change and feel confident that they are making progress towards this goal, the alternative decisions also have affordances. Instructors may feel more free to share risky ideas such as relevant challenges they are facing in the classroom if their department chair is not an active member of the team. Team members may be more likely to start with strong, shared values and commitment to the task if participation in the team is completely voluntary. Similarly, it may be easier for team members to build shared values around the team task over time if the team has clear, fixed boundaries.
The existing literature on teams does not represent these tensions well. Instead, researchers who study teams in other contexts provide recommendations that lean towards the second set of choices we describe: that leaders should strive to minimize power differentials on teams (Keltner et al. 2003; Harrison and Klein 2007) , ensure that team members share the same values for the task (Jehn et al. 1999; Pentland 2014; Katzenbach and Smith 1993; O'Reilly III et al. 1989; Lau and Murnighan 1998; Harrison and Klein 2007) , and establish clear team boundaries (Wageman et al. 2005; Hackman 2011 ). The logic we describe above reflects the logic behind these recommendations. But we think that uncritically following the teams literature here would provide a false sense of certainty. In the context of higher education instructional change, it is important to think about how to involve many people in the change process because, as stated above, many people are stakeholders who can strongly shape the lasting outcomes of a team's work. This echoes our original argument for why it is important to pursue context-specific research on higher education teams.
With this point in mind, we return to our earlier question of why project leaders seem to disagree about how to set up teams. The notion that higher education has distinctive features, along with the apparent disagreement around how much a team task should be prescribed, provides additional insight into what might be happening here. The high degree of autonomy that team members (particularly instructors) tend to expect distinguishes higher education from other organizational contexts (Kezar 2001) . Thus, the extent to which an instructional change team's task can be prescribed and result in an effective team cannot be answered by looking at the existing literature on teams in other contexts.
This suggests at least two other viable explanations for why project leaders support teams differently. One is that there are multiple team setups that can be equally successful. Different project leaders might be advocating for different, optimal team setups. In the example above, perhaps it is possible for project leaders to set up highly effective teams by asking them to pursue a prescribed task if the team setup also includes significant, tangible support from administrators and education specialists (but not otherwise).
Lastly, it is possible that project leaders simply do not know what team setup is optimal for their situation. Project leaders may have a limited or biased view of how well teams are working together. They may still be experimenting with how to best support their teams, particularly on projects that are relatively young. Local constraints may prohibit project leaders from being able to test out supports that they think might help teams. More broadly, it would be impossible for local change agents to test all potentially effective team setups as a way to fully optimize how teams at their institution work together.
The organizational change literature provides a final piece of insight that supports this last explanation. March (1991) argues that it can be costly for organizations to experiment too much. It takes time for members of an organization to adjust to and refine changes so that they work well for them. As a result, leaders tend not to find the optimal setup for their organization (March 1991) . Applying this idea to team-based instructional change projects, many project leaders may have identified team setups that work well for them, but are not quite optimal. If this explanation is accurate, it suggests that if we want to find the best ways to set up instructional change teams, we need to continue to look across multiple teams and institutions.
Conclusions
The preliminary model that we present here represents progress towards practical and research goals. On the practical side, this research begins to provide guidance to change leaders who aim to support instructional change teams. We intentionally use the term "change leaders" here to emphasize that many people can take on leadership roles in helping to promote effective change within their institutions. Change leaders can use our model to identify key decisions that need to be made when working to set up new teams or create new supports for existing teams. Our model can also support change leaders in developing hypotheses about how and why their decisions will be consequential for team outcomes. Such hypotheses can help change leaders to make promising decisions initially and to productively refine what supports they provide if they notice challenges or limitations along the way.
From a research perspective, our model is meant to serve as a stepping stone towards understanding instructional change teams. Some aspects of how to set up instructional change teams to be successful are already well established and supported by the literature. But our data show that there is not a clear consensus on how to set up teams overall. We see variation in many of the decisions that project leaders make, as well as how they justify these decisions.
We also find that some distinctive aspects of higher education-the large number of stakeholders who can help or hinder the sustained impact of instructional change work and the strong expectations of instructor autonomy-can make it difficult to create highly effective teams. This suggests that while it can be fruitful to draw on existing literature about teams in other contexts, it is important to pursue additional, contextualized research on instructional change teams. Extrapolating further, these distinctive aspects of higher education could also be at play for teams that are focused on different goals, such as increasing equity and inclusion in their departments more broadly. Only context-specific research can fully allow researchers to understand what does (and does not) tend to lead to effective teams. Our research on instructional change teams brings us closer to understanding a variety of higher education teams, but more work would be needed to understand how higher education teams pursue these other goals.
One way that future work could productively challenge or expand on our initial model of instructional change teams would be to seek the perspectives of team members. We exclusively interviewed project leaders in order to gain an overview of a wide range of teams. Knowledge of team members' perspectives is likely needed to advance our understanding of what an ideal team setup might be within a particular context. Future research could explore team members' perspectives on what aspects of how teams are set up are salient to them. Future research could also draw on team members' perspectives to identify and analyze key dimensions of team processes and emergent states that emerge from various team setups, or observe team interactions with this in mind. On a different level, future work could also adapt our model to represent how higher education teams pursue complementary or alternative goals. All of this research could further support change leaders in promoting improvements to undergraduate STEM instruction.
